Abstract: People living in poverty make up nearly half of the global population and a large proportion of these individuals inhabit cities, living in informal settlements. However, only limited research on in-home environmental exposures and the associated health effects in these communities is available. This research investigates the home environment in unplanned settlements of a rapidly growing city on the U.S.-México border and its impact on the health of households with children under 12 years of age. A cross-sectional design was used to assess household exposures and health outcomes at the household level. A total of 202 households were selected from two informal settlements in the peri-urban region of Ciudad Juárez, México. The following variables were significantly associated with the report of at least one household member experiencing a health outcome in a two week period. Allergies were positively associated with insecticide use inside the home (adjusted Relative Odds (RO), 2.71; 95% confidence interval (CI), 1.2-6.3). Respiratory problems were associated with households using a wood burning stove vs. a gas stove (adjusted RO, 5.64; 95% CI, 1.1-27.9). Diarrhea was negatively associated with presence of a flush toilet in the home (adjusted RO, 0.22; 95% CI,0.1-0.6). Finally, eye irritations were positively associated with indoor tobacco smoke (adjusted RO, 2.23; 95% CI, 1.1-4.5). This research highlights exposures associated with poor living conditions in informal settlements and their associations with detrimental effects on health. More efforts should be made to understand the dynamics of poor urban environments including the health effects of exposures linked with poor housing conditions.
Introduction
In the last two centuries, the percentage of urban residents increased from 5% to 50% and current estimates suggest that it will be 66% by 2030 [1] . In theory, living in urban areas offers the potential for improved health. This is, in part, due to improved access to health care, education and better housing, but also to improved economic conditions [2] . Overall, cities in developing countries account for 50 to 80 percent of their nation's GNP, and per capita income growth has been associated with high levels of urbanization. However, there is wide inter-city and intra-city variability, especially in developing countries, and statistical indicators can be given to support both positive and negative views of the urban environment [3, 4] .
The growth of cities in developing countries also means the growth of poverty, as poor, often illiterate, and unskilled people leave rural areas to find employment in cities. When urban populations are economically disaggregated, research indicates that the urban poor experience a "double burden" of disease, meaning that they face both the health problems of the "South" (e.g., infectious diseases) and problems of the "North" (e.g., respiratory and circulatory diseases) [5] . In Accra, Ghana and São Paulo, Brazil, researchers found that diseases of the circulatory system (i.e., diseases of the North) make up the main cause of death in the whole population. Moreover, when the cities were divided into zones, according to socio-economic status (SES) indicators, age-adjusted rates of mortality from heart disease were 2.3 times higher for the population in the lowest SES zone compared to rates of the highest SES zone. Considerable differences in mortality rates due to respiratory problems were also found [5, 6] . Additionally, studies have shown that child morbidity and mortality rates in poor urban communities can equal or surpass those in rural communities [7, 8] . Graham et al. found that more risk factors and negative health outcomes were associated with unplanned communities compared to government planned communities with subsidized infrastructure, such as drinking water and sewers, even when SES was slightly higher in the unplanned communities.
Having adequate housing infrastructure appeared to provide a number of benefits to health and behavior beyond the simple provision of water and sewage infrastructure, including less use of pesticides and safer storage of toxic chemicals [9] .
Globally, the United Nations estimates that one billion people live in slums. That number is expected to double by 2030 [10] . Some forty percent of the urban population of South America (115 million people) are poor, living in ciudades jóvenes and favelas (slums) on the periphery of cities and mostly lacking municipal services [11] . According to the United Nations, seventy-one percent of the population of sub-Saharan Africa live in slums, and in Asia, the UN estimates that 554 million people live in slums.
Cities are not as healthy as once thought, especially when health information is disaggregated and informal settlements are taken into consideration [3] . Intra-urban health data are lacking and most frequently come from specific studies rather than systematic data collection performed by the countries or the cities themselves, though efforts are being made to improve this situation [3, 5] .
Several studies have looked at exposures relevant to the in-home environment, and associated health outcomes ( Table 1) . Most of these studies, however, focus on specific exposures and health outcomes and provide a more narrow assessment of the in-home environment.
Ciudad Juárez, México
Migration to urban areas in México has been attributed to industrial growth and accelerated rural emigration due to the "capitalist modernization" of agriculture in the northern portion of the country [12] . Furthermore, with the passage of the North American Free Trade Agreement in 1994, urban growth, especially on the US-México border, has increased [13, 14] . This growth has overwhelmed municipal authorities and city planners, resulting in the development of several unplanned colonias (neighborhoods) lacking basic municipal services.
Though the growth rate has diminished since the economic downturn in recent years, Ciudad Juárez maintains a higher growth rate than most Mexican cities (4.35%) [15] . Most growth occurs by expansion at the periphery of the city (peri-urbanization) where infrastructure for piped water, sewage services, and in some places electricity is non-existent. According to the Institute of Municipal Research and Planning (Instituto Municipal de Investigación y Paneación), 27,000 homes out of approximately 300,000 homes in Ciudad Juárez are located in high risk zones and nearly 75,000 homes are in poor condition, lacking water and sewage infrastructure and/or are poorly constructed [16] . Additionally, several of the peri-urban communities do not have access to many services (e.g., medical, informational, etc.) that exist in more developed parts of the city. This lack of infrastructure results in polluted environments and more hazardous behaviors that increase the rate of disease and injury for thousands of Juárez residents [15] . Redlinger et al. (2002) found that the proportion of households living in the peri-urban region of Ciudad Juárez and positive for Giardia and Cryptosporidium was high, 82% and 70% respectively [17] . According to the Cd. Juárez Fire Department, 222 poisonings and 24 deaths occurred in the 2000-2001 winter season as a result of high carbon monoxide levels in the home, corresponding to an annual death rate of approximately 2/100,000 residents.
This paper addresses the in-home environment and health outcomes associated with living in informal settlements. A case study of peri-urban communities in Ciudad Juárez, a rapidly industrializing city of Northern México, is presented to provide a clearer picture of living conditions and environmental exposures affecting the urban poor. Finally, we discuss current and potential preventive measures that may potentially ameliorate the conditions of the urban poor. 
Materials and Methods
Two unplanned colonias (neighborhoods) were randomly selected from two different areas of the city (northwest and south-central region) to be enlisted in the Pets Allergic Sensitization, and Asthma [45] study from the total number of settlements in each region. Data were collected from surveys administered during face-to-face interviews and direct observation from 202 households (one hundred and one households in each colonia). The two colonias selected, "Siglo XXI" in the northwest and "6 de Enero", in the southcentral region, were developed without governmental planning and generally lacked municipal water and sanitation services. Study participants in both communities were of low socio-economic status.
Data Collection
Data collection occurred from December, 2001 to April, 2002. Approval from The University of Texas at El Paso, Institutional Review Board for the protection of human subjects was obtained to perform the study. Two-hundred and two households (with children <12 years of age) participated. Data on environmental hazards in and around the home were ascertained through face-to-face interviews with the primary caregiver of the household's children. Interviews were carried out in each respondent's home using a questionnaire containing closed and open-ended questions. The questionnaire was pre-tested in a Juárez neighborhood not participating in the study, and was modified to improve those questions found unclear. The questionnaire included topics such as water for drinking and non-drinking purposes, hygiene and sanitation practices, the use of insecticides and other chemicals in the home, indoor air quality, and health outcomes. A 2-week recall period was used to estimate prevalence of health outcomes.
In addition to the questionnaire, the researchers collected data through direct observation and in-home sampling. Observations were made regarding construction materials, insulation of the home, type of containers used for storing water, presence of animals in and around the home, solid waste management practices and sanitation (i.e., excreta disposal). Painted walls, wood, or metal surfaces along with pottery used for storage of food or water were tested for lead using LeadCheck Swabs ® (HybriVet Systems, Inc.). Residual chlorine levels in drinking water were assessed using the N,N-diethylphenylenediamine (DPD) colorimetric method (PermaChem, Hach Company, Loveland, CO). Much of the data collection was planned for the winter so that researchers could take in situ measurements of carbon monoxide as people were heating their homes. Carbon monoxide levels were measured in the kitchen and living room or most commonly used family space of the home using the Bacharach Snifit-50 Carbon Monoxide tester ® .
Data analysis
Statistical analyses were carried out using STATA 8 statistical software ® . Six health outcomes and multiple potential exposures were investigated (Table 2) . Differences in housing and household characteristics for the two communities studied, including water and sanitation infrastructure, were assessed using simple descriptive statistics. For each outcome, univariate and multivariate logistic regression analyses were conducted to estimate the magnitude of associations with household exposures. Health outcomes were defined as "at least one household member experiencing the health outcome in the last two weeks." The analysis was conducted at the household level, because the exposure analysis was conducted on this level, and because analysis of individual-level outcomes is complicated by the fact that health outcomes among family members are not statistically independent.
The multivariate regression analyses included an adjustment for the mean number of residents per home, since the likelihood of at least one member having the health outcome increases when more people live in the home. Other socio-demographic variables included household income, and the percentage of the household from Juárez. It was hypothesized that households that had more recently immigrated to Juárez might have more health problems, due to the changes in the physical and social environment. Table 3 provides a summary of household characteristics. The colonia Siglo XXI experienced a slightly lower standard of living, with, on average, more individuals per household and a lower mean household income. Smoking tobacco was also more prevalent in Siglo XXI. Both communities, on average, were spending approximately 6% of their earnings on utilities, (water and electricity). Interestingly, there were several who connected to water illegally, while others receiving water from delivery trucks received very little water but generally paid more. At the time of the study, there was a shortage in the labor supply and the maquiladora (i.e., assembly plant) industry was hiring on a continual basis. However, with the economic downturn of the past few years, beginning in 1999, the demand for labor has decreased. Despite the reduced demand for labor, rapid in-migration to Ciudad Juárez has continued.
Results

Table 3: Household characteristics for unplanned colonias
There was considerable variation in housing conditions, with the majority of houses being constructed of concrete blocks and concrete floors. Siglo XXI, however, experienced poorer building quality, with 33.7% of the houses having pallet or cardboard walls, 34.6% exposed electrical wires, and 28.7% with dirt floors. While more households in 6 de Enero used insecticide inside the home, methyl-parathion, an extremely toxic pesticide, was more commonly used in Siglo XXI, 10%, versus 5% in 6 de Enero.
The source or drinking water varied substantially (Table 4) . Pit latrines were more common in Siglo XXI than in 6 de Enero, 37.6% and 15.8% respectively. Table  4 presents several characteristics of environmental conditions and their prevalence in each community. Many of the individuals migrating to Cd. Juárez come from southern México, which has a much milder winter climate. Such migrants are not accustomed to heating their homes in the winter. Though cold temperatures occurred frequently during the five month study period (53 days V 32ºF) in the city during the winter and early spring, a large percentage of the individuals in our study (15%) reported not heating their homes. Concentrations of CO greater than 25 ppm are considered unhealthy, assuming the exposure lasts one hour or more. Our study results indicate very high levels of carbon monoxide in the homes of both communities. Measurements of CO in homes reporting to not heat their home were high -11 of the 31 homes reporting to not heat their home had CO levels above 25 ppm. No significant difference was found between CO levels in households heating their homes with gas stoves vs. homes heated with wood burning stoves. Additionally, CO levels were not significantly higher in homes exposed to passive tobacco smoke. Figure 1 provides a box plot of the CO levels in study homes of the communities Siglo XXI and 6 de Enero. (Table 5) . A difference in the number of health outcomes between the two communities indicates that there may be systematic differences in the two communities and thus the community should be placed into the multiple logistic regression models to control for its effect. Based on the results, an indicator for community was added to regression models, in Table 6 , for the health outcomes "sore throat" and "skin irritation", in order to control for the effect of community. Table 6 presents the crude and adjusted relative odds of various health outcomes for each of the household hazards assessed in the study. The adjusted relative odds models include all of the variables listed in Table 1 . Allergies were associated with insecticide use inside the home (adjusted Relative Odds (RO), 2.71; 95% confidence interval (CI), 1.2-6.3). Respiratory problems (e.g., asthma) were associated with households using a wood burning stove vs. a gas stove (adjusted RO, 5.64; 95% CI, 1.1-27.9).
Lower reported incidents of diarrhea, defined as 3 loose stools in a 24-hour period, were associated with having a flush toilet in the home (adjusted RO, 0.22; 95% CI,0.1-0.6) and with obtaining drinking water from a connection in the home rather than from a delivery truck (adjusted RO, 0.16; 95% CI, 0.1-1.2). Finally, eye irritations were associated with indoor tobacco smoke (adjusted RO, 2.23; 95% CI, 1.1-4.5).
Discussion
This is one of the first studies to assess multiple exposures at the household level in informal settlements. The study highlights a number of in-home environmental hazards which may potentially impact the health of households living in similar environments.
The environmental health conditions in these communities are rarely studied and narrowly focused studies, describing one exposure, are often inadequate in describing the general environmental health conditions present in these homes. We believe this study provides an important background for additional research into the effects of urbanization and the development of informal communities.
Housing characteristics varied substantially between the two communities in our study, indicating the heterogeneity of conditions in informal settlements. Improvements to homes, such as the building of concrete walls, were noted in both communities, suggesting that households planned to make the home a more permanent dwelling. The differences in the two communities were not well understood though the community "6 de Enero" had been in existence a longer period of time and was more closely situated near areas connected to the city's water and sewage infrastructure.
Studies have shown that high concentrations of CO in indoor air are associated with higher daily mortality rates, though many mild exposures go undetected; one study suggests that nearly one-third of all CO poisoning cases go undiagnosed [18] . Fetuses are especially Table 2 .
sensitive to CO exposures since fetal hemoglobin has a higher affinity than adult hemoglobin for CO. Households in our study area appeared to be aware of potential problems associated with CO based on the large percentage (15%) that did not heat their homes, partly for fear of CO intoxication and partly because of the cost of heating. There was no statistically significant difference in the levels of carbon monoxide between homes using gas heating sources and homes relying on wood burning stoves, although Gurian et al. 2005 found that risks for acute intoxication were higher for gas stoves. As urbanization continues, there is the potential that more households will gain access to cleaner fuels, such as propane and methane, and better constructed homes (less ventilated). Though this is generally a positive change, it could result in an increase in carbon monoxide poisonings if the heating and cooking systems are not vented properly.
Respiratory infections continue to be the leading cause of child mortality globally, and indoor air pollution associated with burning biomass fuels is a significant contributor (between 2-3 billion people still rely on these fuels for cooking and heating) [19] . In our study, respiratory problems were associated with households using a wood burning stove vs. a gas stove (adjusted RO, 5.64; 95% CI, 1.1-27.9) and similar results have been shown in other studies [20] . Improving access to cleanburning, vented gas heating or electric heating should be an important health priority.
Though allergies were associated with insecticide use inside the home, it is difficult to determine whether it is the presence of insects in the home or the use of insecticides that is associated with allergies. From prior research, it would appear that the presence of insects is the likely cause of the association [44] .
The World Health Organization estimates that by 2030, tobacco will be responsible for ten million deaths per year and that 70% of the deaths will occur in developing countries. In our study, a large percentage of the households were exposed to environmental tobacco smoke, though "eye irritations" was the only health outcome to show a statistically significant association. This study did not differentiate between direct exposures to smokers and indirect exposures to household members through secondhand smoke.
Many households lacked access to a piped water supply and several had water delivered by trucks into 55-gallon drums on their property. Households having water delivered used substantially less water but paid up to eight times more than households connected to the public distribution system. Poor sanitation was also widespread, with approximately one-quarter of the households using a pit latrine. This situation is common for millions of households in informal settlements and there is a growing concern that urbanization will increase the number of people lacking a safe water supply and adequate sanitation [7] .
Several limitations exist for this study. Due to the cross-sectional design, associations observed in this study may not be causal, even in the absence of bias. Much of the complexity related to the changing environment (e.g., migration, industrialization, inequalities, etc.) is not captured in this study and macrolevel factors such as political and economic variables and community factors are not included. Third, the study did not allow for comparisons at the individual level which limits associations to households.
More research needs to be done on urban health to determine the fundamental characteristics of the urban physical and social environment and what interventions could improve the health of urban populations [21] . Future research could benefit from intercity comparisons within countries and studies of the urban environment between countries [22] . Additionally, there is a need for more useful, disaggregated, statistics for cities that clearly document any disparities in exposure and health status among the many widely differing subpopulations within a city. Finally, there is a need for effective partnering between different sectors (e.g., local, regional, national and international governing bodies and NGOs, social planners, builders, public health officials, urban planners, economists and the private sector). In fact, most of the articles published on the subject of urbanization and health argue for a more integrated approach to solving urban problems and emphasize the need for more collaboration [2, 3, 21, [23] [24] [25] .
Though it is essential to improve equity and economic factors, targeting exposures has been shown to be effective, especially when directed towards specific conditions and contexts, and particular settings [26, 27] . Waiting for improved city-wide economic changes when acute exposures, such as high CO levels in the case of Cd. Juárez, plague a community would be nonsensical. As an example of targeted programs, communities in Cd. Juárez have participated in Agua Para Beber, a program run by NGOs that trains community health workers to train households in their respective communities on appropriate ways to treat and store their drinking water. The program has reduced diarrheal rates significantly in these communities [26] . Similar studies related to asthma have shown that individualized, home-based interventions can decrease exposures resulting in reduced morbidity [27] .
Finally, these findings contribute to the literature documenting environmental exposures in some of the most resource-poor settings.
Though further investigation of these in-home exposures is critical to our understanding of the in-home environment in informal settlements, the authors recommend that immediate action be taken to ameliorate the acute exposures.
